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(54) Resistivity antenna shield, wear band and stabilizer assembly for measuring-whifo-drilling 
tool 

(57) A sensor protection system for use with an 
MWD too! includes a tubular body having lesser and 
greater diameter portions, antennas mounted in 
grooves in the lesser diameter portion, shield sleeves 
covering the antennas and being locked in place against 
longitudinal and rotational movement, and a wear band 
on the greater diameter portion to provide a standoff for 
the shield sleeve, the wear band also being locked 
against movement in the longitudinal and rotational 
ejections. The tooting mechanism also can be used to 
fix a sleeve-type stabilizer on the tubular body. 
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Description 

BACKGROUND OF THE INVENTION 

WW n OF THE INVENTION * 

This invention relates generally to the protection of 
sensors used on a measuring-while-drilling (MWD) tool, 
and particularly to a new and improved resistivity 
antenna shield and wear band assembly that isolates a 10 
measuring coil or the like from environmental forces 
experienced in hostile drilling conditions. The Invention 
also is applicable to a replaceable stabilizer means that 
substantially centers the tool in a borehole. 

15 

DESCRIPTION OF THE RELATED ART 

An MWD measuring tool generally includes a spe- 
cially made housing or collar having sensors and which 
is connected in the drill string above the bit. One type of so 
sensor that typically is used is one that enables the 
electrical resistivity of the rock formations surrounding 
the borehole to be measured as the hole is deepened 
by the bit. Mud pulse signals that are representative of 
such measurements are telemetered uphole where they *s 
are detected, processed and displayed andtor recorded 
as a log of resistivity values versus depth. A resistivity 
measuring system typically includes one or more trans- 
mitting antennas that direct electric current into the for- 
mation and two spaced antenna coils that detect w 
returning currents. A comparison of the amplitude or 
phase shift of the returning current at the receiving coils 
enables the electrical resistivity of the rock to be deter- 
mined. Resistivity is a key characteristic in determining 
whether the rock might contain hydrocarbons. 3d 

Directional wells can be drilled with a short radius 
curved section to establish a new incfi nation which may 
bring the borehole to horizontal. As the inclination is 
rapidly built up. bending of the tool can cause the sen- 
sors to engage the borehole wail . When this occurs, trie- 40 
tion loads cause rapid wear and other damage so that 
the sensors can become inoperative. In prior MWD 
tools, efforts have been made to provide protection for 
an antenna coil so that it will be more resistant to hostile 
environmental forces. For example, shields and wear 4S 
bands having a variety of mechanical fasteners have 
been employed, all of which are vulnerable to some 
degree to failure resulting from loosening of such fas- 
teners. Moreover external fasteners that are exposed to 
high mechanical impact loads against the side of a so 
borehole have been a tongstand&ng weakness in the 
design of MWD resistivity tools. Thus there is a need to 
fasten such shields and wear bands in a manner such 
that the problem of loosening and failure in the borehole 
is eliminated, 55 

Another component typically used on an MWD tool 
is a stabilizer which includes a sleeve having a plurality 
of outwardly directed, longitudinal ribs whose outer 

teaa s ongogo th« borehole wail to maintain tho con cor 



collar substantially centered in the borehole. The diam- 
eter of such faces can be full-gauge or under-gauge 
with respect to the gauge diameter of the drill bit 
depending upon requirements. It is desirable to mount 
such a stabilizer on a -Slide collar, that is, a collar with- 
out machined upsets for integrally formed threads. It 
such upsets are not present the collar would not be 
destroyed when washed over during a fishing operation. 
The present invention thus allows more design freedom 
in placement of sleeves, wear bands and stabilizers. 

An object of the present invention is to provide a 
new and irnproved antenna coil protection that elimi- 
nates the need for external fasteners and thus is more 
reliable and maintenance free than prior devices. 

Another object of the present invention is to provide 
a new and improved antenna coil protection that can be 
easily installed in the field Hi a simple, reliable and main- 
tenance-free manner. 

Still another object of the present invention is to 
provide a new and irnproved combination of an antenna 
coil shield with a wear band that provides Stand off for 
the coil. 

Yet another object of the present invention is to pro- 
vide a replaceable sleeve stabilizer that is mounted on a 
collar by new and improved coupling means that is more 
reliable and maintenance-free than prior devices tor this 
purpose. 

SUMMARY OF THE INVENTION 

These and other objects are attained in accordance 
with the present invention through the provision of an 
MWD measuring tool including a body or collar having 
an external groove in which an antenna coB is mounted. 
A shield sleeve is positioned over the coil and held in 
place by a unique lock assembly or coupling having ring 
segments that engage In arcuate collar grooves and 
which are threaded to the sleeve. The lock assembly 
prevents longitudinal and rotational sleeve movement 
without any projections that can engage the weiibore 
wall. In combination with such shield sleeve, at least 
one wear band is mounted on the collar adjacent the 
shield sleeve and has a greater outer diameter. The 
wear band is fixed to the collar by the same type locking 
assembly described above, and provides a stand-off for 
the shield sleeve should the collar tend to engage the 
welfaore wad during drilling. One or more stabilizer 
sleeves can be mounted on the collar in the same man- 
ner in order to center the collar in the borehole. The 
wear band and/or the stabilizer sleeve is readBy 
replaceable during a trip of the dill string to change bits 
or the like, in case extraordinary wear has taken place. 
The combination of elements is highly resistant to envi- 
ronmental forces encountered in hostile well drilling 
conditions. 
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BRtFP DESCRIP TION OF 3B DRAWINGS 

The present invention has the above as woU as 
other objects, features, and advantages which will 
become more dearly apparent in connection with the 
following detailed description of a preferred embodi- 
ment, taken in conjunction with the appended drawings 
in which: 

Figure 1 is a schematic view of a measuring-while- 
drflling system suspended in a weBbore on a drill 
string; 

Figure 2 is an enlarged, fragmentary, longitudinal 
sectional view showing the combination of transmit- 
ting and receiving antenna shield sleeves and a 
wear band/stabBfcer sleeve each being locked in 
place in accordance with this invention; 
Figure 3 is a cross-section on fine 3-3 of Figure 2 to 
show the collar recesses: and 
Figure 4 is a further enlarged, sectional view show- 
ing a lock ring segment with sleeve threaded 
thereto. 

DESCRIPTION OF A PREFERRED EM BODIMENT 

Referring initiaBy to Figure 1, a borehole 10 is 
Shown being dnlled through eanh formations by a rotary 
bit 11 on the lower end of a drill siring 12. To make 
measurements of a characteristic properly of the earth 
formations surrounding the borehole as it is deepened, 
such as their electrical resistivity, a transmitting antenna 
9 is used to inject current into the formation and an 
antenna assembly 13 including vertically spaced receiv- 
ing antennas 14 and 14' are used to sense returning 
current The resistivity of the rock affects the amplitude 
and phase of the returning current, which enables a log 
of the measured values to be made as drilling proceeds. 
The receiving antennas 14. U* can be protected by a 
single shield sleeve 15 that is held in place by a lock 
assembly 16 to be descrfoed in greater detail below, or 
separate shield sleeves can be used, A wear band 1 7 
having a larger diameter than the sleeve 15 is mounted 
on ttie collar 20 above the sleeve 1 S and also is held in 
place by a similar lock assembly ireficated generally at 
18. The wear band 17 prevents the shield sleeve 15 
from contacting the walls of the borehole 10 and thus 
protects it and the receiving antennas 14 and 14' from 
damage. The transmitting antenna 9 includes a coil 8 
that is protected by another shield sleeve 7 which is 
coupled to the collar 20 in the same way as the upper 
Sleeve 15 and the wear band 17. Another wear band 
(not shown) can be mounted on the collar 20 below the 
lower shield sleeve 7 which surrounds the coil 8 if 
desired. The one-tfansmtoer two-receiver arrangement 
described above is a desirable measurement method 
for obtaining resistivity values at two dmerent depths d 
investigation into the formations. 

Signals from the receiving antennas 14 and 14' are 

pracMMd and then fed up to «" MWD tdortvrtry tee) 22 
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which generates pressure pulses in the mud stream 
which are representative thereof. Such pulses travel up 
to the surface where they are detected by a pressure 
transducer and fed to a computer arvJ a recorder for dis- 
play and analysis. Of course numerous other measure- 
ments such as natural gamma radiation, weight and 
torque on bit, and hole direction parameters also can be 
made and sent uphold in a series of mud pulse signals. 
The MWD telemetry tool 22 is a self-contained system 
and includes a signaling valve or siren 23 that interrupts 
mud flow, a drive motor and controller 24, a signal proc- 
essor 25. and an electrical power supply 26 driven by a 
turbine 27. See US. Pats. Ma 4,100,528, 4,103,281 
and 4,167,000, which are incorporated herein by refer- 
ence, for further details of the MWD tool 22. 

Referring now to Figure 2, the tubular collar 20 has 
a generally smooth outer surface formed with diameters 
19 and 21, the dameter 19 being somewhat greater 
than the diameter 21. The collar 20 has an inner cylin- 
drical wall 22 that defines a longitudinal bora A housing 
6 mounted inside the collar 20 forms an atmospheric 
chamber 5 in which various circuit components are 
located. A connector access plug 4 is fixed in a radial 
hole 25 in the wall of the collar 20. The receiving anten- 
nas 14 and 14' are mounted in annular grooves 26. 26* 
in the collar 20. The ends of the coil conductors which 
comprise receiving antennas 14, 14' extend to a high 
pressure feed-through connector 28 which electrically 
couples the cod conductors to pairs of wires 29 that 
extend to an electrical circuit on a signal processor 30. 
The grooves 28, 26* can have semi -circular inner walls 
and are filled with an insulated composite material that 
is molded therein. Then a rectangular groove is 
machined In the respective composite materials, and 
the antennas 14, 14' positioned therein. Finally these 
grooves are filled with an epoxy compound and over- 
molded with an elastomeric compound which is flush 
with the collar diameter 21 as shown. The transmitting 
antenna 9 is made in the same way, with its conductor 
leads going through a feed-through 28*. The shield 
sleeve 7 mounts on diameter 21 and is coupled to the 
collar 20 as described below. 

The shield sleeve 15 slides onto the collar 20 and 
then is locked in position by an assembly 16 shown in 
detail in Figures 3 and 4. DiartietricaDy 
opposed arcuate grooves 35, 36 (Figure 3) having 
oppositely sloped end surfaces 37, 38 are formed in the 
outer periphery of the collar 20. Ring segments 40 are 
positioned in the respective grooves 36. 36 with each 
groove and segment extending through an angle of 
about 90° and being symmetrically arranged about axis 
x-x as depicted in Figure 3. Each segment 40 has a 
reduced olameter outer surface 43 that is threaded at 
44, and an enlarged cGameter end portion 45 providing 
a stop shoulder 46. Each ring segment 40 also has 
upper and lower inclined surfaces 47, 48 which are 
companion in shape and spacing to the surfaces 37, 38 
of the collar grooves 35, 36. The segments 40 prefera- 
bly are fanned fmm an initially continuous ring which » 
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threaded and otherwise machined and then cut radially 
into four individual segments. Two diametrically 
opposed segments then are positioned in the respective 
grooves 35, 38 so that the mat e thread forms 44 match 
circumferential!/ and are correctly oriented with respect s 
to the thread lead distance even in view of the SO" gap 
between adjacent ends of the segments. 

The shield sleeve 15 has an upper portion 50 with 
internal threads 57 that mate with the threads 44 on the 
ring segments 40. The threads 57, 44 are right-hand so 10 
that if the sleeve 15, installed from the bottom, rubs 
against the borehole waB during drilling, the tortpe gen- 
erated is m the same direction as the tightening torque 
during installation. Alternatively, a sleeve installed from 
the top of the tool would have left hand threads so that is 
the torque generated with borehole wan contact during 
driffing would again be in the same direction as the tight- 
ening torque. Thus the ring segments 40 prevent longi- 
tudinal as weU as rotational movement of the shield 
sleeve 15 relative to the collar 20. A plurality of angularly 20 
spaced longitudinal windows 41, 41' can be formed in 
the sleeve 15 and extend above and below the respec- 
tive anterma coils 14, 14*. 

The wear band 17 also slides over the collar diam- 
eter 1 9 and has its upper end portion locked to the collar & 
20 above the Shield sleeve 15 in the same manner but 
wrfo ring segment parts that are correspondingly larger. 
The arcuate grooves 60 also are arranged with surfaces 
like those shown in Figure 4, and receive ring segments 
61 onto which the upper end portion 62 of the wear 30 
band 17 is threaded. Both the grooves 60 and the ring 
segments 61 have upper and lower Inclined surfaces as 
shown. When tightened up against the shoulder 63 on 
the upper portions 64. the wear band 17 is securely 
locked against longitudinal and rotational movement ss 
and provides stand-off tor the shield sleeve 15. The 
wear band 17 can have a wear-resistant outer surface 
applied thereto such as wekJed tungsten carbide or 
braised and fined tungsten carbide tiles. 

The sleeve 65 of the wear band 17 can also be a <o 
part d a stabilizer 17* as shown in Figure 1, such stabi- 
lizer having a plurality of angularly spaced, longitudinal 
ribs or blades 66 also shown in phantom lines in Figure 
2. The outer surfaces of me blades 66 typically are arcu- 
ate and have an outer clameter that is the same a£ the 4S 
gauge diameter of the bit 1 1 tor a lull-gauge stabilizer 
function, or somewhat less tor an under-gauge stabilizer 
function. Such outer faces also are provided with a 
wear-resistant substance as disclosed above. The cou- 
pling of the stabilizer 17 to the collar 20 is the same as so 
for the wear band 17, which is constituted by the ring 
segments 61 . the grooves 60, and the threaded upper 
end portion 62 as shown in Figure 2. When mounted as 
shown, dragging action against the weUbore watt is in 
the same direction as when tightening on installation. Of 55 
course the stabilizer 17 and additional devices tiKe it 
can be located at various places on the collar 20. for 
example near the bit 11 and/or the wear band 1 7. 
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OPERATION 

In operation in use of the present invention, the col- 
lar 20 is made with tie various diameters and other 
structural features shown in Figures 2 and 3, and with 
an urxer portion having a diameter 19 that is somewhat 
larger than its tower portion having the diameter 21. 
Generally speaking, the outside of the collar 20 is rela- 
tively smooth in that there are no projections or upset 
diameters as in prior devices where various mechanical 
fasteners or external threads were used to secure 
shield sleeves, wear bands, replaceable sleeve type 
stabilizers and tne like. This affords an advantage dur- 
ing fishing and washover operations in that the poUbt is 
not destroyed, and also permits the installation of multi- 
ple sleeves of the same diameter and design adjacent 
one another. As discussed above, the receiving anten- 
nas 14, 14' are assembled in me grooves 26.26' so that 
the outer surfaces thereof are flush with the outer diam- 
eter 21 of the colter 20, as is the transmitting antenna 9. 
Then the upper ring segments 61 are positioned in the 
upper grooves 60 and the wear band 17 or stabilizer 
1 7N is slid upward on the collar 20 until its inner threads 
engage the external threads on the ring segments 61. 
The wear band 17 or the stabilizer 17 men is turned to 
the right to cause the upper portion 62 to thread onto 
the segments 61 until its upper end surface stops 
against the shoulder 63. Some tightening can be done 
with a suitable wrench if desired. The flank pressure of 
the threads forces the segments 61 tightly into the 
grooves 60. 

Then a pair of the lower ring segments 40 are posi- 
tioned in the lower arcuate grooves 35, 36. and the 
shield sleeve 1 5 is slid up over the collar outer diameter 
21 and engaged with the threads 44 on these seg- 
ments. When the upper end portion 50 of the sleeve 15 
abuts the shoulder 46, suitable tightening can be done 
as above. As the collar 20 is rotated in the borehole 10 
during drilling, any torsional forces on either the wear 
band 1 7/stabilizer 1 7 or the sleeve 1 5 due to friction will 
be in the same ejection as when tightening during 
installation, thus tending to keep the device property 
positioned. Neither the sleeve 15 nor the wear band 17 
can move tongrtudnally due to engagement of the 
respective segments 40, 61 in the grooves 35, 36, 60. 
Longitudinal movement also is prevented by engage- 
ment with the respective shoulders 45, 63 and by the 
threaded engagement The engagement of the ends of 
the ring segments 40, 61 with adjacent ends of the 
grooves 35, 36. 60 stops relative rotation. 

Finally the shield sleeve 7 tor the transmitting 
antenna 9 is slid up onto the collar diameter 21 until its 
tower end is above the lowermost arcuate recesses (not 
shown), and with the left-hand threaded segments in 
such recesses the sleeve 7 is towered and then rotated 
to the left to engage the companion threads and lock the 
sleeve in place. Any drag forces imparted thereto by the 
wetfcore well wffl create torque in the same direction as 

during tightening of such threaded GrtoaQ&mettt on 
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installatioa Of course the sleeve 7 could be oriented the 
same as sleeve 15 and right-hand threaded compo- 
nents used to lock the same to the collar 20. 

The wear band 17 having a larger outer diameter 
than that of the shiefd sleeve 15 protects the shield s 
sleeve and the receiving antennas 14. 14* in the bore- 
hole 10 by providing a stand-off that prevents engage- 
ment of these parts with the weflbore wall. As noted 
above, another wear band of identical construction can 
be mounted on the collar 20 below the antennas 14, 14*. 10 
and additional assemblies of transmitting antennas and 
wear bands can be used at different distances from the 
receiving antennas 14, 14* which affects the depth of 
investigation and provides compensation for borehole 
effects. Where needed, one or more of the stabilizers is 
1 T can be coupled to the collar 20. 

K now will be recognized that new and improved 
protective shielding and wear bands for measurements 
antennas used in an MWD tool have been dfedosed- 
The unique coupling mechanism also is applicable to a so 
sleeve-type stabilizer mounted on a sfick collar. Since 
certain changes or modifications may be made in the 
disclosed embodiments without departing from the 
inventive concepts involved, It is the aim of the 
appended claims to cover all such changes and modrfi- 25 
cations telling within the the spirit and scope of the 
present invention. 

Claims 

30 

1. A locking assembly for mounting a sleeve on a 
tubular body, comprising; arcuate recess means in 
said body; ring segment means mounted in said 
recess means; and co-engaged means on said ring 
segment means and said sleeve for locking said ss 
sleeve against longitudinal and rotational move- 
ment on said body. 

2. The assembly of claim 1, wherein said recess 
means include arcuate recesses each extentfng for <o 
less than 1 80* around said body and wherein said 
ring segment means includes individual ring seg- 
ments that are coextensive with the angular extent 

Of A respective recess. 

45 

3. The assembly of daim 2. wherein each of said 
recesses has oppositely inclined upper and lower . 
surfaces, and each of said ring segments has com- 
panion inclined surfaces. 

so 

4. The assembly of claim 3. wherein said co-engaged 
means is constituted by right hand threads, each of 
said ring segments having a reduced diameter por- 
tion on which said threads are formed and an out- 
wardly directed shoulder at one end of said portion, ss 
an outer end section of said sleeve having internal 
threads which mate with said threads on said 
reduced diameter portion and an end face that 
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5. The assembly of daim 1, further including an exter- 
nal annular groove in said tubular body located 
underneath said sleeve, and antenna means in said 
groove adapted to measure a characteristic prop- 
erty of an earth formation. 

6. "The assembly of claim 5, wherein said sleeve has a 
plurality of angularly spaced longitudinal slots 
crossing said groove and antenna means. 

7. The assembly of claim 1 , further including a plural- 
ity of angularly spaced longitudinally extending rfes 
on said sleeve for substantially centering said body 
in a borehole. 

8* A protection assembly for a sensor on a tubular 
body comprising: an external annular groove in 
said body having an antenna mounted therein; a 
shield sleeve mounted on said body for protecting 
said antenna; first locking means including first seg- 
mented ring members oooperable with said shiefd 
sleeve for preventing longitudinal and rotational 
movement thereof; wear band means mounted on 
said body adjacent said shield sleeve and adapted 
to prevent engagement of said shield sleeve with a 
weilbore wall; and second locking means including 
second segmented ring members engageable with 
said wear band means for preventing longitudinal 
and rotational movement thereof. 

9. The assembly of daim 8. wherein said tubular body 
has a lesser dameter external surface and a 
greater diameter external surface, said wear band 
means being mounted on said greater diameter 
surface and said shield sleeve being mounted on 
said lesser diameter surface, so that said wear 
band means prevents engagement of said shield 
sleeve with a weilbore waU. 

10. The assembly of daim 9, wherein each of said lock- 
ing means includes diametrically opposed arcuate 
groove means in said body adapted to receive said 
ring members, a first connection means between 
said first ring members and saJd shield sleeve: and 
second connection means between said second 
ring members and said wear band means. 

11. The assembly of daim 10, wherein each said con- 
nection means includes right hand threads and co- 
engaged shoulders. 

12. The assembly of daim 10, wherein at least one of 
said connector means Includes left-hand threads 
and co-engaged shoulders. 

13. The assembly of claim 10. wherein said groove 
means and said segmented ring members each 
have upper and tower oppositely inclined surfaces. 
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14. The assembly of claim 10. wherein said groove 
means and ring members extend through an angle 
that is less than 180". 

15. The assembly of clahn u. wherein said angle is $ 
90* 
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